Sugar recognition by the lactose permease of Escherichia coli.
Biochemical, luminescence and mass spectroscopy approaches indicate that Trp-151 (helix V) plays an important role in hydrophobic stacking with the galactopyranosyl ring of substrate and that Glu-269 (helix VIII) is essential for substrate affinity and specificity. The x-ray structure of the lactose permease (LacY) with bound substrate is consistent with these conclusions and suggests that a possible H-bond between Glu-269 and Trp-151 may play a critical role in the architecture of the binding site. We have now probed this relationship by exploiting the intrinsic luminescence of a single Trp-151 LacY with various replacements for Glu-269. Mutations at position 269 dramatically alter the environment of Trp-151 in a manner that correlates with binding affinity of LacY substrates. Furthermore, chemical modification of Trp-151 with N-bromosuccinimide indicates that Glu-269 forms an H-bond with the indole N. It is concluded that 1) an H-bond between the indole N and Glu-269 optimizes the formation of the substrate binding site in the inward facing conformation of LacY, and 2) the disposition of the residues implicated in sugar binding in different conformers suggests that sugar binding by LacY involves induced fit.